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(54) METHOD FOR MANUFACTURING HIGH PURITY DIAMOND PARTICLE, AND HIGH 
PURITY DIAMOND PARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing diamond particles for selectively removing 
impurities, in particular, carbon impurities such as a 
graphite component, an amorphous carbon component 
and a straight chain carbon component from diamond 
particles. 

SOLUTION: The method for manufacturing diamond 
particles is characterized in that powder of diamond 
particles 2 is dispersed and heated in a nitric acid 
compound solution 24 to remove a carbon impurity layer 
6 from the diamond particles 2. With nitrate ions in the 
nitric acid compound solution 24, impurities deposited on 
the surface of diamond particles 2, in particular, carbon 
impurities such as graphite can be removed with high 
efficiency. When the graphite component is decreased to 
<3% of the diamond component, preferably <1.5%, the 
manufactured high-purity diamond particles 5 can be 
used for an electric insulator or the like for circuit 
boards and semiconductors, and used not only for 

electronic parts but in various fields such as material technology, optics or the like. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A nitric acid compound solution in which a non-sulfuric acid solvent was made to dissolve a 
nitric acid compound at least is prepared, A diamond particle with a carbon impurity is prepared 
for the surface of a diamond particle core, A manufacturing method of a high grade diamond 
particle making said nitric acid compound solution distribute powder of this diamond particle, 
preparing a treating solution, heating this treating solution, and removing a carbon impurity from 
said diamond particle. 
[Claim 2] 

A manufacturing method of the high grade diamond particle according to claim 1 in which said 
nitric acid compound is nitric acid or a nitrate. 
[Claim 3] 

A manufacturing method of the high grade diamond particle according to claim 1 or 2 in which 
said non-sulfuric acid solvent is water or solution. 
[Claim 4] 

A suitable solvent is made to distribute powder which consists of a secondary diamond particle 
which said diamond particle combined mutually and dumpling-ized, A manufacturing method of 
the high grade diamond particle according to any one of claims 1 to 3 which ultrasonicates this 
solvent, decomposes a secondary diamond particle into each diamond particle, and makes said 
nitric acid compound solution distribute this diamond particle. 
[Claim 5] 

A manufacturing method of the high grade diamond particle according to any one of claims 1 to 4 
which arranges said treating solution in a pressurizer, raises the boiling point of this treating 
solution under application of pressure, and heats a treating solution at temperature below that 
boiling point. 
[Claim 6] 

A manufacturing method of the high grade diamond particle according to any one of claims 1 to 5 
whose cooking temperature of said treating solution is within the limits of 250-350 (**). 
[Claim 7] 

A result of having performed a solvent wiping removal of said carbon impurity, A manufacturing 
method of the high grade diamond particle according to any one of claims 1 to 6 with which a 
graphite component is reduced to 3% or less in integrated intensity of a Raman-spectrum signal 
which took scattering efficiency into consideration to a diamond ingredient among carbon 
impurity components which remained. 
[Claim 8] 

A manufacturing method of a high grade diamond particle removing a carbon impurity from a 
diamond particle efficient by repeating a manufacturing method of the diamond particle according 
to any one of claims 1 to 7 two or more times to a diamond particle. 
[Claim 9] 

It was manufactured by a manufacturing method of the diamond particle according to any one of 
claims 1 to 8. 
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A high grade diamond particle, wherein a graphite component is reduced to 3% or less in a 
diamond particle in integrated intensity of a Raman-spectrum signal which took scattering 
efficiency into consideration to a diamond ingredient among carbon impurity components. 
[Claim 10] 

A high grade diamond particle a diameter of said diamond particle is indicated to be to claim 9 
which is 1-100 nm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention about the diamond particle used for the insulating material of an electronic circuit 
board, electronic parts, and other products, other materials, etc. more particularly, The carbon 
impurity which adhered on the surface of the diamond particle is removed, and it is related with 
the method and high grade diamond particle which manufacture the diamond particle of a high 
grade. 

[Background of the Invention] 
[0002] 

Although a diamond is a substance precious to human beings from ancient times, in the industrial 
world, physical properties peculiar to a diamond attract attention, and concern is concentrating 
on the various characteristics which a detailed diamond particle has especially in recent years. 
The advanced brightness which a diamond has shows that it is very smooth in the surface of a 
diamond. Forming the thin film of a detailed diamond particle in an object surface, and raising the 
lubricity of an object surface using the smooth nature which this diamond has, is performed. 
[0003] 

The diamond has the highest hardness in the existing substance, and is used for the process of 
applying to abrasive soap etc. and grinding an object surface smoothly etc., using the degree 
nature of super-hardness which this diamond has. 
[0004] 

As mentioned above, although mechanical properties are mentioned as the characteristic which a 
diamond has, it has physical properties outstanding also in electric nature, the thermal property, 
and the optical property. In particular, in recent years, research which uses a diamond particle as 
a semiconductor or an insulating material of the circuit board also in the electric nature which a 
diamond particle has paying attention to the high electric insulation of a diamond particle and a 
low dielectric is done briskly. 
[0005] 

In order to attain the high electric insulation and the low dielectric which a diamond particle has, 
it is required to remove an impurity from the generated diamond particle, this invention person's 
etc. parts formed the low dielectric diamond membrane which already comprised a diamond 
particle on the circuit board, and have succeeded in low dielectricity-ization of the circuit board. 
The feature of this diamond membrane forms fine gaps between diamond particles, and, in 
addition to the low dielectric which the diamond particle itself has, is in making the low dielectric 
increase more by formation of these fine gaps. 
[0006] 

Although it depends for the low dielectric of this diamond membrane on the low dielectric which 
improvement in voidage and the diamond particle itself have, the low dielectric which especially 
the diamond particle itself has is a key factor. Since the low dielectric which a diamond particle 
has is attained by high gradeHzation of a diamond particle, the process of the diamond particle 
with few impurities is searched for strongly. 
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[0007] 

Although there are various kinds of methods in the synthesizing method of a diamond particle, it 
divides roughly and is divided into a high-temperature-high-pressure synthetic method and a 
shock-pressure synthetic method. Since the diamond particle by a high-temperature-high- 
pressure synthetic method has comparatively big shape, it is finely ground by shredding 
equipment. Impurity metals, such as Cr, mix in a diamond particle with this shredding equipment, 
and unreacted raw material graphite invades from the fracture face of a diamond particle, and 
carrying out concentration adhesion poses a problem at the diamond particle. 
[0008] 

A shock-pressure synthetic method is the method of compounding a diamond particle using 
shock pressures, such as gunpowder. Since this method forms high-temperature-high-pressure 
conditions in an instant and forms a diamond particle at a stretch, it can generate a detailed 
diamond particle in large quantities. However, carbon impurities, such as graphite, amorphous 
carbon, and straight chain carbon, have adhered to the generated diamond particle surface in 
many cases. 
[0009] 

Therefore, it is difficult to manufacture the diamond particle of a high grade also in a shock- 
pressure synthetic method also in a high-temperature-high-pressure synthetic method, and the 
technical establishment which removes the carbon impurity adhering to a diamond particle is 
pressing need. The patent No. 2691884 gazette (patent documents 1) is released as known art 
which removes an impurity from a diamond particle. This known art is art which removes the 
impurity adhering to a diamond particle, and the mixed impurity, and reforms the surface of a 
diamond particle. 

[Patent documents 1] The patent No. 2691884 gazette 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0010] 

Drawin g 1 1 is an outline sectional view of the diamond particle manufactured by the explosive 
impact method. Although a diamond particle is compounded in an instant by explosion of 
gunpowder etc. from a carbon substance, the carbon impurity layers 6 surround in the surface of 
the particle core 4 of the compounded diamond particle 2, and are constituted. 
[0011] 

Although the diamond particle core 4 comprises a pure diamond, Metallic components which 
straight chain carbon (Normal Chain), such as graphite (graphite), amorphous carbon (Amorphous 
Carbon), and C=C, contains in the carbon impurity layer 6, in addition originate in a catalyst, such 
as Fe, Cr, and nickel, may be mixing as an impurity. 
[0012] 

As mentioned above, when using a diamond particle as a semiconductor or an insulating material 
of the circuit board, the high electric insulation and the low dielectric which a diamond particle 
has are important. If the carbon impurity layer 6 exists in a diamond particle, high electric 
insulation and a low dielectric are checked and the characteristic cannot be demonstrated 
enough. A graphite component is the maximum factor which checks the characteristic of a 
diamond also in a carbon impurity. 
[0013] 

When the electrical specific resistance (microomegacm) of a diamond and graphite is compared, 
graphite of a diamond is 700 in 10 19 . Since it can say from this that a diamond is an electric 
insulator and graphite is an electric good conductor, in electric insulation and a dielectric, both 
will completely have the opposite character. 
[0014] 

Therefore, in order to use the high electric insulation and the low dielectric which a diamond has, 
removal of the carbon impurity which checks the characteristic, especially a graphite component 
serves as a technical problem. Said patent documents 1 are using for and processing mixed acid 
(sulfuric acid + nitric acid), in order to remove the impurity adhering to a diamond particle. 
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[0015] 

Drawing 12 is an outline lineblock diagram of the refiner 100 currently used for the conventional 
mixed acid approach. The container 104 made from heat-resistant glass is arranged in the upper 
part of the basis stand 102, the mixed acid 105 in which the diamond particle was distributed is 
put in it, and it heats with the gas burner 107. The gas which evaporated with heating goes up, it 
is cooled with the cooling water 108 which flows into an arrow direction by the cooling unit 106, 
and the cooled gas is exhausted from the end 110 of the cooling unit 106. 
[0016] 

Drawin g 13 is process drawing of the conventional mixed acid approach which refines the 
diamond particle released as the patent No. 2691884 gazette. In (13A), it distributes in the mixed 
acid which consists of concentrated sulfuric acid and nitric acid, and a diamond particle is heat- 
treated at the temperature of 200-320 ** for 2 to 6 hours. An impurity is removed from the 
surface of a diamond particle by the oxidizing power of concentrated sulfuric acid or nitric acid. 
That is, the carbon impurity which adhered on the surface of the diamond particle, and other 
impurities are removed. A hydrophilic radical is simultaneously given on the surface of a diamond 
particle. 
[0017] 

As an oxidizer added by concentrated sulfuric acid, perchloric acid, chromic acid, permanganic 
acid, etc. are used in addition to nitric acid. By using these oxidizers, the same effect as addition 
of nitric acid can be done so. Perchloric acid processing aiming at removal of a graphite 
component is mainly added before and after the above-mentioned processing. 
[0018] 

In (13B), a heating control device is turned OFF and a mixed acid solution is cooled (Cooling). A 
lot of water is added to the cooled mixed acid, and acid is diluted with (13C) (Water Dilution). 
The OH radical which has hydrophilic nature on the surface of a diamond particle by this dilution 
is formed. 
[0019] 

In (13D), a diamond particle is rinsed (Water Washing), this solution is centrifuged (Centrifugal 

Separation), and a diamond particle and water are separated. 

[0020] 

In (13E), the moisture adhering to a diamond particle is evaporated (Water Evaporation), and a 
diamond particle is dried (Drying). Thus, the impurity of a diamond particle is removed, and 
hydrophilic nature is simultaneously given and reformed on the surface of a diamond particle. 
[0021] 

In this known art, in the impurity removal currently adhered and mixed in a diamond particle, 
concentrated sulfuric acid or sulfuric acid is used as a main oxidizer, and nitric acid is only used 
as a suboxidizer. And the candidate for removal by sulfuric acid and nitric acid is mainly a 
metallic component. Removal of the impurity adhering to a diamond particle, especially the 
graphite component is mainly left to perchloric acid processing. 
[0022] 

The heavy metal component and carbon impurity resulting from a catalyst are one of the 
impurities contained in a diamond particle. As a metal impurity, Si, aluminum, Fe, Cr, Mn, Cu, Ca, 
S, C, etc. are known by inorganic qualitative analysis and an inorganic quantitative analysis, and 
in order to remove these heavy metals, the mixed acid which mainly consists of concentrated 
sulfuric acid and nitric acid is used. On the other hand, the purpose of this invention is removal 
of the impurity adhering to a diamond particle. If it puts in another way, the purpose of this 
invention is to remove carbon impurities, such as a graphite component, an amorphous carbon 
ingredient, and a straight chain carbon ingredient, from a diamond particle, and this point 
completely differs between the above-mentioned known art and this invention. 
[0023] 

Although the high grade diamond particle obtained by the above-mentioned conventional 
technology is used upwards as lubricant, abrasive soap, and a surface modifier and is effective, 
there is a problem in using as electrical insulation materials, such as the circuit board and a 
semiconductor. In order to use as an electrical insulation material, it is necessary to remove the 
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impurity which checks the electric insulation which is the electric nature of a diamond particle, 
and a dielectric. As an impurity which checks these character, the manufacturing method of the 
high grade diamond particle which removes selectively carbon impurities, such as a graphite 
component, an amorphous carbon ingredient, and a straight chain carbon ingredient, must be 
established. 
[0024] 

Therefore, this invention develops the manufacturing method of the diamond particle which can 
remove selectively carbon impurities, such as a graphite component, an amorphous carbon 
ingredient, and a straight chain carbon ingredient, from a diamond particle, and an object of this 
invention is to provide the high grade diamond particle obtained as a result. 
[Means for Solving the Problem] 
[0025] 

Are made in order that this invention may solve an aforementioned problem, and the 1st gestalt 
of this invention, A nitric acid compound solution in which a non-sulfuric acid solvent was made 
to dissolve a nitric acid compound at least is prepared, A diamond particle with a carbon impurity 
is prepared for the surface of a diamond particle core, It is a manufacturing method of a high 
grade diamond particle which makes said nitric acid compound solution distribute powder of this 
diamond particle, prepares a treating solution, heats this treating solution, and removes a carbon 
impurity from said diamond particle. 
[0026] 

The 2nd gestalt of this invention is a manufacturing method of a high grade diamond particle 

whose nitric acid compound is nitric acid or a nitrate. 

[0027] 

The 3rd gestalt of this invention is a manufacturing method of a high grade diamond particle 

whose non-sulfuric acid solvent is water or solution. 

[0028] 

A suitable solvent is made to distribute powder which consists of a secondary diamond particle 
which a diamond particle combined the 4th gestalt of this invention mutually, and was dumpling- 
ized, It is a manufacturing method of a high grade diamond particle which ultrasonicates this 
solvent, decomposes a secondary diamond particle into each diamond particle, and makes a 
nitric acid compound solution distribute this diamond particle. 
[0029] 

The 5th gestalt of this invention is a manufacturing method of a high grade diamond particle 
which arranges a treating solution in a pressurizer, raises the boiling point of this treating 
solution under application of pressure, and heats a treating solution at temperature below that 
boiling point. 
[0030] 

The 6th gestalt of this invention is a manufacturing method of a high grade diamond particle 
whose cooking temperature of a treating solution is within the limits of 250-350 (**). 
[0031] 

The 7th gestalt of this invention is a manufacturing method of a high grade diamond particle 
reduced to 3% or less in integrated intensity of a Raman-spectrum signal with which a graphite 
component took scattering efficiency into consideration to a diamond ingredient among carbon 
impurity components which remained as a result of performing a solvent wiping removal of a 
carbon impurity. 
[0032] 

The 8th gestalt of this invention is a manufacturing method of a high grade diamond particle 
which removes a carbon impurity from a diamond particle efficient by repeating a manufacturing 
method of a diamond particle of a statement two or more times to a diamond particle in either 
the 1 st - the 7th gestalt. 
[0033] 

In a diamond particle by which the 9th gestalt of this invention was manufactured by either the 
1st - the 8th gestalt with a manufacturing method of a diamond particle of a statement, A 
graphite component is the high grade diamond particle reduced to 3% or less in integrated 
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intensity of a Raman-spectrum signal which took scattering efficiency into consideration to a 

diamond ingredient among carbon impurity components. 

[0034] 

The 10th gestalt of this invention is a high grade diamond particle whose diameter of a diamond 
particle of the 9th gestalt is 1-100 nm. 
[Effect of the Invention] 
[0035] 

According to the 1st gestalt of this invention, the nitric acid compound solution made to dissolve 
a nitric acid compound in a non-sulfuric acid solvent can remove carbon impurities, such as an 
impurity which adheres on the surface of a diamond particle, especially graphite, efficient. This 
invention persons inquired wholeheartedly, in order to remove carbon impurities, such as an 
impurity which adheres on the surface of a diamond particle, especially graphite which checks 
the electric nature of a diamond. As a result, in order to remove carbon impurities, such as 
graphite, it discovers that existence of nitrate ion is very important, and this invention is 
completed. From the result of an experiment, with sulfuric acid, this invention persons conclude 
that carbon impurities, such as graphite, are unremovable, and use a non-sulfuric acid solvent as 
a solvent in which a nitric acid compound is dissolved. It discovers that the substance from 
which a carbon impurity is removed is nitrate ion directly, and the nitric acid compound 
containing nitrate ion is used, making it dissolve in a non-sulfuric acid solvent. If a nitric acid 
compound solution is heated, it will be thought that the powerful oxidation is formed by 
activation of nitrate ion. For example, in the case of ammonium nitrate, it ionizes in NH 4 + and 
N0 3 ~ in an ammonium nitrate solution, and it seems that it is activated by heating this N0 3 . 
However, although the detailed mechanism has unknown nitrate ion in how the impurity of a 
diamond particle is removed at present, the effect is clear by the Raman spectrum mentioned 
later. An inorganic nitric acid compound and an organic nitric acid compound can be used as a 
nitric acid compound containing nitrate ion, and all the nitric acid compounds which generate 
nitrate ion can use for this invention. Phosphoric acid melt can be used as a kind of a non- 
sulfuric acid solvent. Phosphoric acid dissolves at about 10 **, the viscosity of phosphoric acid 
melt falls in connection with a rise in heat, and the boiling point under atmospheric pressure is 
around about 350 **. Therefore, if this phosphoric acid melt is used as a solvent of a nitric acid 
compound, since it becomes possible to process a diamond particle at the arbitrary temperature 
by the about 350 ** boiling point under atmospheric pressure and atmospheric pressure 
processing is attained, it has an advantage which can carry out diamond processing safely. 
Generally, it can obtain from a commercial scene as solution, and dehydrating treatment of this 
phosphoric acid aqueous solution can be carried out, it can convert into phosphoric acid melt, 
and phosphoric acid can also use this phosphoric acid melt as said solvent. In this case, even if a 
small amount of moisture is contained, it can be used as phosphoric acid melt. 
[0036] 

According to the 2nd gestalt of this invention, nitric acid or a nitrate can be used as a nitric acid 
compound. Nitric acid or a nitrate is ionized with a high degree of electrolytic dissociation in 
solution, and generates a lot of nitrate ion (N0 3 ~) which is main ion of this invention. Nitric acid 
is a colorless fluid, and is mixed with water at an arbitrary rate, and it has the outstanding 
character which moreover does not contain impurities, such as metal. The nitric acid generally 
used is a nitric acid solution of 68% of concentration, and the boiling point is 120.5 **. Nitric acid 
is ionized in the solution, reacts to the water by which is in a 2HN0 3 <=>N0 2 + +H 2 0+N0 3 ~ 
equilibrium situation, or it was generated, and is in the equilibrium situation of 
HNOo+H 0 0<=>H Q 0 + +NO ~ This invention persons complete this invention paying attention to 

3 2 o o 

the powerful oxidation of this nitrate ion. It combines with various metallic elements or an atom 
group, and nitric acid forms a nitrate. These nitrates are fusibility, especially, melt into water well 
and form nitrate ion. Although there are ammonium nitrate, a magnesium nitrate, potassium 
nitrate, an aluminium nitrate, a calcium nitrate, etc. as a nitrate, the point which does not contain 
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a metallic component to ammonium nitrate is suitable for this invention. If nitric acid is used as a 
nitric acid compound, since any substances other than H + and N0 3 ~ are not included, it is the 
most desirable. Since nitric acid and a nitrate dissolve in water well, there is an advantage which 
can generate nitric acid compound solution most easily in a nitric acid compound solution. 
[0037] 

According to the 3rd gestalt of this invention, water or solution can be used as a solvent of a 
nitric acid compound solution. Since a nitric acid compound dissolves in water well, it can 
prepare a nitric acid compound solution easily. A nitric acid compound is ionized in a nitric acid 
compound solution, and forms a lot of nitrate ion. This nitrate ion has the powerful oxidation and 
that oxidizing power is doubled by being heated. The carbon impurity which has adhered to the 
diamond particle by this powerful oxidation is removed efficiently. Since water can be used 
cheaply, there is an advantage which can prepare a nitric acid compound solution economically. 
In order to promote the heating effect of a nitric acid compound, it is also possible to use 
solution, such as a phosphoric acid aqueous solution, as a solvent. Solution other than 
phosphoric acid can also be used. If dehydrating treatment of the phosphoric acid aqueous 
solution is carried out and moisture content is reduced, the boiling point of a phosphoric acid 
aqueous solution can be gone up to arbitrary temperature, and there is an advantage which can 
perform a carbon solvent wiping removal safely under atmospheric pressure. 
[0038] 

According to the 4th gestalt of this invention, a diamond particle disassembles into each diamond 
particle the powder which consists of a secondary diamond particle which was combined 
mutually and was dumpling-ized by ultrasonication, and can distribute in a solvent. If the 
diameter (particle diameter) of a diamond particle becomes small and becomes a diamond 
particle of nano metric size, joining mutually together and becoming a secondary diamond particle 
of a dumpling state is known rather than each diamond particle exists alone. It becomes possible 
to remove efficiently the carbon impurity which adhered on the surface of the diamond particle 
by making each diamond particle carry out separation distribution of the secondary diamond 
particle of a dumpling state by ultrasonication, and performing elevated-temperature nitrate ion 
processing which relates to this invention at this diamond particle. 
[0039] 

According to the 5th gestalt of this invention, the nitric acid compound solution which distributed 
the diamond particle is pressurized, the boiling point of a nitric acid compound solution is raised, 
and it can heat at the temperature below the boiling point. By adjusting application of pressure 
suitably, a nitric acid compound solution can be heated at a desired temperature, and there is an 
advantage which can control cooking temperature free. When nitrate ion raised cooking 
temperature, this invention persons discovered that the oxidation increased rapidly. A 
pressurizer with publicly known autoclave apparatus, usual boiler pressurizer, etc. can be used 
for a pressurizer. If the degree of application of pressure is raised, the boiling point can remove a 
carbon impurity efficiently with the desired temperature below the boiling point by being raised 
free and adjusting to the arbitrary boiling points. 
[0040] 

According to the 6th gestalt of this invention, the cooking temperature of a nitric acid compound 
solution is prepared in the range of 250-350 **, and a carbon impurity can be removed 
efficiently. In order to remove the carbon impurity which adheres on the surface of a diamond 
particle, the concentration, cooking temperature, and cooking time of a nitric acid compound 
solution are important. Especially, if cooking temperature rises so that it may mention later, it is 
confirmed that an extraction ratio also becomes high. Therefore, in this invention, the diamond 
particle of desired purity can be manufactured by limiting the cooking temperature of a nitric 
acid compound solution to the range of 250-350 **, and setting up the cooking temperature of a 
nitric acid compound solution within the limits of this. 
[0041] 

The result of having performed elevated-temperature nitrate ion processing concerning this 
invention to the diamond particle which has a carbon impurity according to the 7th gestalt of this 
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invention, In the integrated intensity of a Raman-spectrum signal which took scattering 
efficiency into consideration to the diamond ingredient a graphite component can be reduced to 
3% or less among the carbon impurity components which remained. When the Raman spectrum of 
a diamond particle from which the carbon impurity was removed is measured, it turns out that 
the Raman-spectrum signal comprises a diamond ingredient, a graphite component which 
remains in part, amorphous components, etc. In the integrated intensity of a Raman-spectrum 
signal which was farther [ than a diamond ingredient ] high as for especially the scattering 
efficiency of the graphite component, and took into consideration the scattering efficiency of the 
graphite component, If a graphite component can decrease for 3% or less of diamond ingredients, 
the refined diamond particle is utilizable as an electrical insulation material and other materials, 
such as the circuit board and a semiconductor. 
[0042] 

According to the 8th gestalt of this invention, a carbon impurity is efficiently removable from a 
diamond particle by repeating the elevated-temperature nitrate ion processing which relates to 
this invention at the diamond particle which has a carbon impurity two or more times. A nitric 
acid compound solution is heated, and is boiled, it decomposes gradually, and nitrate ion 
concentration falls. Therefore, if an again new nitric acid compound solution is made to distribute 
the diamond particle removed in. the carbon impurity and the same processing as a repetition is 
performed, the carbon impurity adhering to the diamond particle surface can be removed much 
more efficiently. 
[0043] 

According to the 9th gestalt of this invention, in the integrated intensity of a Raman-spectrum 
signal which took scattering efficiency into consideration to the diamond ingredient, a graphite 
component is the high grade diamond particle reduced to 3% or less among carbon impurity 
components. In the integrated intensity of the Raman-spectrum signal with which this invention 
took scattering efficiency into consideration, If a graphite component turns into 3% or less of 
diamond ingredients and it will become 1.5% or less still more preferably, it will find out and 
succeed in the refined diamond particle being effectively utilizable as an electrical insulation 
material and other materials, such as the circuit board and a semiconductor. When the Raman 
spectrum of the manufactured diamond particle is measured, it turns out that the Raman- 
spectrum signal comprises a graphite component which was not able to carry out a diamond 
ingredient and removal, an amorphous carbon ingredient, etc. In the integrated intensity of a 
Raman-spectrum signal which took the scattering efficiency into consideration since the 
scattering efficiency of the graphite component was farther [ than a diamond ingredient ] high, If 
a graphite component turns into 3% or less of diamond ingredients, the high electric insulation of 
a diamond particle and a low dielectric are effectively utilizable. 
[0044] 

According to the 10th gestalt of this invention, the diameter of a diamond particle can provide 
the high grade diamond particle which is 1-100 nm. By 1-100 nm, if the diameter of a diamond 
particle is set to 1-10 nm still more preferably, it can carry out the increase of the voidage of a 
diamond particle thin film, and can reduce the dielectric constant of a diamond particle thin film 
further. The impurity quantity adhering to a diamond particle can be relatively decreased by 
carrying out minuteness making of the diamond particle. Therefore, if the carbon impurity which 
has adhered to the diamond particle by elevated-temperature nitrate ion processing concerning 
this invention is removed, If a diamond particle with higher purity can be provided and it uses for 
electrical insulation materials, such as a semiconductor and the circuit board, etc. using the 
diamond particle of this high grade, it is effective in the ability to contribute to upgrading of 
electronic parts and other fields. As a result it becomes possible to demonstrate high electric 
insulation and a low dielectric effectively. 
[Best Mode of Carrying Out the Invention] 
[0045] 

Below, the manufacturing method of a diamond particle and the embodiment of a high grade 
diamond particle concerning this invention are described in detail according to an accompanying 
drawing. 
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[0046] 

Drawin g 1 is an outline sectional view explaining a structural change of the diamond particle in 
the manufacturing method of the diamond particle concerning this invention. The diamond 
particle 2 comprises the diamond particle core 4 and the carbon impurity layer 6. This carbon 
impurity layer 6 is formed from carbon substances, such as a graphite component, an amorphous 
carbon ingredient, and a straight chain carbon ingredient, and it is arranged so that the diamond 
particle core 4 may be surrounded. 
[0047] 

The manufacturing method of the diamond particle concerning this invention aims at removing 
the carbon impurity layer 6 which exists so that the diamond particle core 4 may be surrounded. 
Although it is difficult to remove this carbon impurity layer 6 thoroughly, this carbon impurity 
layer 6 is removed as much as possible, and the high grade diamond particle 5 is provided as an 
electrical insulation material used for electronic parts, such as a semiconductor and the circuit 
board. 
[0048] 

This invention persons detected the carbon impurity which constitutes this carbon impurity layer 
6 using Raman scattering. The measured Raman spectrum comprises particles and a carbon 
impurity component, and the carbon impurity component consists of the graphite component, an 
amorphous carbon ingredient, or a straight chain carbon ingredient. 
[0049] 

The graphite component which affects the electric insulation of a diamond and a dielectric 
especially is important. The laser-beam scattering efficiency of graphite is quite higher than the 
scattering efficiency of a diamond, and laser-beam scattering efficiency changes also with 
wavelength of a laser beam. Therefore, it is important what time of the scattering efficiency of a 
diamond the laser-beam scattering efficiency of graphite is. For example, in 514.5 nm, the laser- 
beam scattering efficiency of graphite is about 100 times the diamond, and it is about 60 times 
the wavelength of a laser beam of this in 457.9 nm. 
[0050] 

A diamond ingredient and a graphite component are drawn from the measured Raman spectrum, 
and it asks for those integrated intensity. If the scattering efficiency of graphite carries out by 
60 times the diamond, and the integrated intensity of graphite is divided by 60, it will compare 
directly with the integrated intensity of a diamond. In the integrated intensity of graphite, the 
ratio to the integrated intensity of a diamond shows the rate of an impurity of the graphite 
contained in a diamond particle. 
[0051] 

When the integrated intensity of graphite was discounted with the scattering efficiency in the 
Raman spectrum according to this invention person's etc. research and it could decrease to 3% 
or less of the integrated intensity of the diamond, it turned out that a diamond particle can be 
used as electrical insulation materials, such as a semiconductor and the circuit board. If the 
integrated intensity of graphite is reduced, the purity of a diamond will become high, but it is 
more desirable if it is 1 .5% or less. Such a diamond particle is called the high grade diamond 
particle 5. 
[0052] 

Drawin g 2 is an outline lineblock diagram of the pressure type refiner 8 used for the 
manufacturing method of the high grade diamond particle 5 concerning this invention. This 
pressure type refiner 8 comprises the pressure type container 10, the pressurization control 
device 18, and the heating control device 30 that controls the cooking temperature of the nitric 
acid compound solution 24. 
[0053] 

The pressure type container 10 is distinguished up and down by the diaphragm 20. Water is 
stored below the diaphragm 20, by heating with the heater 14 for application of pressure, the 
water 12 is evaporated and the inside of the pressure type container 10 is pressurized. The 
atmospheric pressure in the pressure type container 10 is measured by the pressure sensor 16, 
feeds back the pressure value to the pressurization control device 18, and is controlled. 
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[0054] 

The nitric acid compound solution 24 is a solution which is dissolving nitric acid compounds, such 
as nitric acid (HN0 3 X and the diamond particle 2 is distributed in this nitric acid compound 
solution 24. The nitric acid solution and ammonium nitrate solution which there are a nitric acid 
solution, ammonium nitrate solution, calcium nitrate solution, etc., and do not contain a metallic 
component as the nitric acid compound solution 24 are preferred. Although what is necessary is 
just fluids other than the sulfuric acid which dissolves a nitric acid compound as a solvent, since 
especially nitric acid and a nitrate dissolve in water well, their water is preferred. In this example, 
a phosphoric acid aqueous solution, especially the phosphoric acid melt which removed moisture, 
etc. are used as solvents other than water. If phosphoric acid melt is used, in order that the 
atmospheric pressure boiling point may exceed 300 **, even if it does not pressurize, there is an 
advantage to which high temperature processing becomes possible. 
[0055] 

The nitric acid compound solution 24 which is distributing said diamond particle 2 is put into the 
heat-resistant container 26, and it lays on the heater 22 for heating arranged in the upper part 
of the diaphragm 20. The thermo couple 28 is arranged in the nitric acid compound solution 24, 
the temperature signal of the nitric acid compound solution 24 is fed back to the heating control 
device 30, and the cooking temperature of the nitric acid compound solution 24 is controlled to a 
desired temperature. Paying attention to the carbon impurity removal action of the nitrate ion 
contained in the nitric acid compound solution 24, it succeeds in this invention. Next, an 
operation of nitrate ion is explained. 
[0056] 

This invention persons discovered that nitrate ion removed the carbon impurity layer 6 which 
consists of a carbon impurity especially a graphite component, an amorphous carbon ingredient, 
and a straight chain carbon ingredient from the diamond particle 2 in a high temperature state or 
an elevated-temperature boiling state. In this invention, nitrate ion is ionized in a nitric acid 
compound solution, and it is necessary to pressurize the inside of the pressure type container 
10 by holding this nitrate ion to a high temperature state at a high pressure state. By 
pressurizing, the boiling point of the nitric acid compound solution 24 goes up, and the 
correspondence relation of the couple 1 is materialized between a pressure and the boiling point. 
Therefore, in order to make a high temperature state more, it is important to heighten a pressure 
further and to raise the boiling point. 
[0057] 

Although this invention persons performed elevated-temperature acid treatment to the diamond 
particle 2 using concentrated sulfuric acid, they were not able to remove carbon impurities, such 
as a graphite component, an amorphous carbon ingredient, and a straight chain carbon ingredient. 
That is, although the Raman spectrum of the diamond particle 2 which serves as a sample before 
and after the elevated-temperature acid treatment by concentrated sulfuric acid was measured, 
change was hardly looked at by the Raman spectrum. As a result, in the elevated-temperature 
acid treatment by concentrated sulfuric acid, it was concluded that it was difficult to remove the 
impurity layer 6 of the diamond particle 2. This Raman spectrum is explained in detail later. 
[0058] 

Next, when the diamond particle 2 was heat-treated in the nitric acid compound solution 24, a 
clear change appeared in the Raman spectrum. As a result of having put this nitric acid 
compound solution 24 into the heat-resistant container 26, setting up cooking temperature more 
than the atmospheric pressure boiling point of the nitric acid compound solution 24, pressurizing 
it and performing elevated-temperature nitrate ion processing, it is processing of 1 hours or 
more more preferably 30 minutes or more, It was shown that a graphite component is efficiently 
removable also in a carbon impurity. The cooking time can shorten cooking time by high 
concentration and high temperature heating depending on the concentration and cooking 
temperature of the nitric acid compound solution 24. Removal efficiency increases so that 
cooking time becomes long, but on the usual conditions, removal efficiency sufficient by 
elevated-temperature nitrate ion processing of 1 hour is acquired. 
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[0059] 

The cooking temperature of the nitric acid compound solution 24 was set as 300 **, and it was 
investigated how the removal efficiency of a carbon impurity would change with the 
concentration of the nitric acid compound solution 24. As a result, even if it raised the 
concentration of the nitric acid compound solution 24, removal efficiency was conspicuous and 
did not change. 
[0060] 

Then, concentration of the nitric acid compound solution 24 was fixed, cooking temperature was 
set as 300 ** and 330 **, and it was investigated how the removal efficiency of a carbon 
impurity would change. The result checked that the removal efficiency of an impurity increased, 
when going up the cooking temperature of the nitric acid compound solution 24. 
[0061] 

The details of the mechanism are unknown at present in whether how does the nitrate ion in the 
nitric acid compound solution 24 in a high temperature state or an elevated-temperature boiling 
state act on the surface of a diamond particle and a carbon impurity is removed. However, if the 
Raman spectrum processing before and after processing is compared, it is clear that the Raman 
spectra of a graphite component, an amorphous carbon ingredient, or a straight chain carbon 
ingredient are decreasing in number rapidly to the Raman spectrum of a diagram MONNDO 
ingredient. 
[0062] 

Next, the operation of the pressure type refiner 8 shown in drawing 2 is explained according to 
figures. The nitric acid compound solution 24 is heated with the heater 22 for heating, feeds back 
the temperature signal of the thermo couple 28 arranged in it to the heating control device 30, 
and holds it to the temperature of a request of the cooking temperature of the nitric acid 
compound solution 24. Under 1 atmosphere (1x10 5 Pa), if the nitric acid compound solution 24 is 
solution, if it is boiled and pressurized at 100 **, since it can go up boiling temperature further, it 
is pressurized with the pressurization control device 18, and maintains prescribed temperature. It 
is agitated while the nitric acid compound solution 24 convects with heating, and nitrate ion is 
also boiled with it. The carbon impurity layer 6 which adheres to the surface of the diamond 
particle 2 by the powerful oxidation of this boiling nitrate ion is removed. 
[0063] 

The temperature of the nitric acid compound solution 24 is always measured by the thermo 
couple 28, and this temperature signal is fed back to the heating control device 30. Since the 
atmospheric pressure in the pressure type container 10 is held at the atmospheric pressure set 
up by the pressurization control device 18, the cooking temperature of the nitric acid compound 
solution 24 can be held to a predetermined temperature with the heating control device 30, 
measuring cooking temperature. 
[0064] 

Drawin g 3 is process drawing explaining the 1st method of the diamond particle manufacturing 
method concerning this invention. In (3A), a diamond particle is supplied to the nitric acid 
compound solution 24 (Nitric Acid Compound+H 2 0). This nitric acid compound solution 24 is set 

as the temperature within the limits of 250-350 **, and is heated for 0.5 to 5 hours. The carbon 
impurity layer 6 is removed from the diamond particle 2 by this heat-treatment, and the high 
grade diamond particle 5 is formed. 
[0065] 

In (3B), the heating control device 30 is turned OFF and the nitric acid compound solution 24 is 
cooled (Cooling). A fall of the temperature of the nitric acid compound solution 24 will settle the 
dispersed high grade diamond particle 5 at the pars basilaris ossis occipitalis of the container 26 
(Precipitation). 

In (3C), the nitric acid compound solution 24 is replaced with pure water, and the high grade 
diamond particle 5 which has precipitated is washed with water (Water Washing). The nitric acid 
compound solution 24 which repeated this operation two or more times, and has adhered to the 
high grade diamond particle 5 is flushed thoroughly. The high grade diamond particle 5 is 
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separated by centrifuging this (Centrifugal Separation). 
[0066] 

In (3D), the separated high grade diamond particle 5 is heated to optimal temperature, moisture 
is evaporated (Water Evaporation), and the high grade diamond particle 5 is dried (Drying). Thus, 
the high grade diamond particle 5 is manufactured. 
[0067] 

Drawing 4 is process drawing explaining the 2nd method of the diamond particle manufacturing 
method concerning this invention. The more the particle diameter (diameter) of a diamond 
particle becomes small, many diamond particles 2 condense, and it adheres mutually, and, the 
more will be in a dumpling state in many cases. If the particle diameter of a diamond particle 
becomes nano metric size especially, a dumpling state will occur well. The particles of this 
dumpling state are called the secondary diamond particle, and, naturally the particle diameter of 
a secondary diamond particle becomes quite larger than the diamond particle 2. 
[0068] 

If elevated-temperature nitrate ion processing of the secondary diamond particle is carried out, 
the peripheral face will be processed, but since the plane of composition which both diamond 
particles have joined is hidden inside, it cannot be processed. Therefore, decomposition 
treatment is performed, in order to decompose a secondary diamond particle into each diamond 
particle before performing elevated-temperature nitrate ion processing, in order to remove a 
carbon impurity from a diamond particle certainly. 
[0069] 

A secondary diamond particle is supplied in pure water, and it is made to distribute in (4A). 
Supersonic vibration is added to this distributed solution, and a secondary diamond particle is 
decomposed into each diamond particle. This processing is called ultrasonic dispersion 
(Ultrasonic Dispersion). 
[0070] 

(4B) Processing of - (4E) is the same as the processing of - (3A) (3D) mentioned above. As for 
nitric acid compound solution heat-treatment and (4C), rinsing and centrifugal separation 
treatment, and (4E of cooling precipitate processing and (4D)) are [ (4B) ] moisture drying 
processes. Since the operation effect in each processing is the same as that of - (3A) (3D), it 
omits the details. 
[0071] 

Drawing 5 is a Raman-spectrum figure of the high grade diamond particle produced with the 
cooking temperature at 280 ** using the ammonium nitrate solution of 5% (mass %) of 
concentration by carrying out elevated-temperature nitrate ion processing for 1 hour. 5 mass % 
is the value which percent-ized the ratio of the mass of ammonium nitrate to the mass of the 
whole ammonium nitrate solution. This Raman spectrum is an inelastic scattering spectrum 
acquired by irradiating a high grade diamond particle with a 457.9-nm laser beam, a horizontal 
axis is Raman shift (Raman Shift), and a vertical axis is the intensity (Intensity) of Raman 
scattering light. 
[0072] 

When full strength (Total Signal) is decomposed into the kind of carbon substance, it comprises 
diamond intensity (Diamond) of a solid line, graphite intensity (Graphite) of a long dashed line, 
and straight chain carbon intensity (Normal Chain) of the short dashed line based on C=C. on the 
other hand, drawing 6 mentioned later — and 

The dashed dotted line of drawing 7 expresses amorphous carbon intensity (Amorphous Carbon). 
[0073] 

The ingredient which diamond intensity originates in the diamond particle core 4, and checks the 
electric nature of this diamond is graphite. When a 457.9-nm laser beam is used, the scattering 
efficiency of graphite is about 60 times the scattering efficiency of a diamond. Therefore, it can 
compare with diamond intensity by dividing graphite intensity by 60. Since the intensity of a 
spectrum is expressed correctly, the integrated intensity produced by calculating the area of a 
spectrum is used. 
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[0074] 

Drawing 6 is a Raman-spectrum figure of an unsettled diamond particle. Since elevated- 
temperature nitrate ion processing is omitted, a lot of carbon impurity layers 6 exist in the 
circumference of the diamond particle core 4. Probably, as compared with the diamond spectrum, 
it turns out that a quite big graphite impurity exists. 
[0075] 

If the Raman spectrum ( drawin g 6) before elevated-temperature nitrate ion processing is 
compared with the Raman spectrum ( drawing 5 ) after elevated-temperature nitrate ion 
processing, it is clear that the carbon impurity layer 6 is removed to a remarkable grade by the 
manufacturing method (elevated-temperature nitrate ion processing) by this invention. 
[0076] 

Drawing 7 is a Raman-spectrum figure of the diamond particle by which elevated-temperature 
acid treatment was carried out only with concentrated sulfuric acid. In the carbon impurity of the 
diamond particle concerning this invention, it was measured in order to compare, whether 
concentrated sulfuric acid has a removing effect however and. 280 ** and elevated-temperature 
acid treatment time of cooking temperature are 1 hour. 
[0077] 

concentrated-sulfuric-acid processing ( drawing 7 ) — being unsettled ( drawing 6 ) — when it 
contrasts, it turns out that the overview of a Raman spectrum hardly changes. That is, it turns 
out that the carbon impurity layer 6 of a diamond particle is hardly unremovable in the elevated- 
temperature acid treatment by concentrated sulfuric acid. 
[0078] 

It is clear that judge synthetically from drawing 5 - drawing 7 , and the nitrate ion in a nitric acid 
compound solution removes the carbon impurity of a diamond particle. About the operation 
effect which the nitrate ion in this nitric acid compound solution has, it is not indicated at all by 
conventional technology, but this invention person etc. begin and discover. It is not solved 
enough at present how the nitrate ion in a nitric acid compound solution acts on the carbon 
impurity of a diamond particle, and it removes. This invention persons complete how a nitric acid 
compound solution removes the carbon impurity of a diamond particle by this discovery. 
[Work example 1] 
[0079] 

Using the nitric acid solution of concentration 5 mass % as a nitric acid compound solution, 150 
ml of this nitric acid solution was added to the diamond powder 1.0g, and application-of-pressure 
heat-treatment was performed in a 280-330 ** temperature requirement for 1 hour, 
respectively. The nitric acid solution of concentration 5 mass % added 142.5 ml of pure water to 
7.5 ml of concentrated nitric acid (60% content), and was prepared. 
[Work example 2] 
[0080] 

Using the ammonium nitrate solution of concentration 5 mass % as a nitric acid compound 
solution, 150 ml of this ammonium nitrate solution was added to the diamond powder 1.0g, and 
application-of-pressure heat-treatment was performed in a 280-330 ** temperature 
requirement for 1 hour, respectively. The ammonium nitrate solution of 5% of concentration 
added the pure water 142.5g to the ammonium nitrate 7.5g, and was prepared. 
[Work example 3] 
[0081] 

Elevated-temperature acid treatment was performed using the mixed acid of sulfuric acid and 
nitric acid as a comparative example. The mixed acid which dissolved nitric acid in the diamond 
powder 0.6g at a rate of 5% to sulfuric acid was added, and heat-treatment was performed at the 
cooking temperature at 280 **, and 310 ** for 1 hour, respectively. Heat-treatment of 3 hours 
was performed with the cooking temperature at 330 **. 
[0082] 

Drawing 8 is a list figure (Table 1) of Example 1, Example 2, and Example 3. At the cooking 
temperature at 280 ** from Table 1, it turns out that graphite content is decreasing as the 
graphite content of Example 1 is the lowest and cooking temperature rises. The graphite content 
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of each example is approaching, so that cooking temperature rises. It became clear from the 
above fact to demonstrate mixed acid processing of the former [ approach / using ammonium 
nitrate solution or a nitric acid solution / this invention ] and the effect more than equivalent. 
[Work example 4] 
[0083] 

Cooking temperature was fixed to 300 **, the concentration of ammonium nitrate solution was 
changed with 1-5 (mass %), using ammonium nitrate solution as a nitric acid compound solution, 
and the graphite content (%) of the diamond particle was investigated. The ammonium nitrate 
solution 150g of 1 to 5% of concentration was added to the powder 1.0g of a diamond particle, it 
heated with the cooking temperature at 300 ** with the pressurizer for 1 hour, and elevated- 
temperature nitrate ion processing was performed. 
[0084] 

Drawing 9 is a list figure (Table 2) of the graphite content in the ammonium nitrate solution 
(NH 4 N0 3 +H 2 0) of the cooking temperature at 300 **, and the concentration 1-5 (mass %). Table 

2 showed not changing so much, even if graphite content raises the concentration of ammonium 
nitrate solution. 
[Work example 5] 
[0085] 

Then, concentration of ammonium nitrate solution was fixed and it was investigated to change of 
cooking temperature how a pressurization value (Pressure), pH (Acid), and graphite content 
(Graphite) would change. The ammonium nitrate solution 150g of 5 mass % was added to the 
powder 1.0g of a diamond particle, it heated with the cooking temperature at 330 ** with the 
pressurizer for 1 hour, and elevated-temperature nitrate ion processing was performed. 
[0086] 

Drawing 10 heats the ammonium nitrate solution of concentration 5 mass % at 300 ** and 330 
**, and is a list figure (Table 3) of each pressurization value (MPa), pH, and graphite content (%). 
Table 3 shows that graphite content fell considerably by the rise of cooking temperature. 
[Work example 6] 
[0087] 

Elevated-temperature nitrate ion processing was performed using phosphoric acid melt as a 
non-sulfuric acid solvent. It distilled until the boiling point of phosphoric acid (85% content) 
solution became 330 **, and the phosphoric acid melt which dried the phosphoric acid aqueous 
solution was prepared. To this phosphoric acid melt, nitric acid (60% content) solution was added 
so that the rate of phosphoric acid and nitric acid might be set to 10:1, and it heated until it 
became 280 **. As a result, it became clear that the graphite content of a diamond particle was 
decreasing to 1.66%. In this example, phosphoric acid melt can heat a nitric acid compound 
solution to 330 **, without becoming a hot bath and pressurizing in any way under atmospheric 
pressure. If phosphoric acid is dried still more nearly thoroughly, it is also possible to raise the 
boiling point to about 350 **. 
[0088] 

From Examples 1-6, it was proved that the nitric acid compound solution heated by the range of 
250-350 ** reduced content, such as a carbon impurity adhering to a diamond particle, 
especially graphite which checks the electric nature of a diamond, to 3% or less. Therefore, the 
high grade diamond particle manufactured by this invention became possible [ utilizing for 
electrical insulation materials, such as a semiconductor and the circuit board, other materials, 
etc. ]. 

[Industrial applicability] 
[0089] 

The high grade diamond particle manufactured by the elevated-temperature nitrate ion 
processing concerning this invention, Since there is very little content of carbon impurities, such 
as an impurity adhering to the diamond particle surface, especially graphite which checks the 
electric nature of a diamond, it is utilizable in a field not only with electronic-parts relations but 
the broad material engineering field, optical related field, etc. 
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[Brief Description of the Drawings] 
[0090] 

[ Drawin g 1]It is an outline sectional view explaining a structural change of the diamond particle in 

the manufacturing method of the diamond particle concerning this invention. 

[ Drawin g 2]It is an outline lineblock diagram of the pressure type refiner 8 used for the 

manufacturing method of the high grade diamond particle 5 concerning this invention. 

[ Drawin g 3]It is process drawing explaining the 1st method of the diamond particle manufacturing 

method concerning this invention. 

[ Drawin g 4]It is process drawing explaining the 2nd method of the diamond particle 
manufacturing method concerning this invention. 

[ Drawin g 5]It is a Raman-spectrum figure of the high grade diamond particle produced with the 
cooking temperature at 280 ** using the ammonium nitrate solution of concentration 5 mass % 
by carrying out elevated-temperature nitrate ion processing for 1 hour. 
[Drawin g 6]lt is a Raman-spectrum figure of an unsettled diamond particle. 

[ Drawin g 7]It is a Raman-spectrum figure of the diamond particle by which elevated-temperature 

acid treatment was carried out only with concentrated sulfuric acid. 

[Drawin g 8]It is a list figure (Table 1) of Example 1, Example 2, and Example 3. 

[ Drawing 9] It is a list figure (Table 2) of the graphite content in the ammonium nitrate solution 

(NH 4 N0 3 +H 2 0) of the cooking temperature at 300 **, and the concentration 1-5 (mass %). 

[Drawing 10] The ammonium nitrate solution of concentration 5 mass % is heated at 300 ** and 
330 **, and it is a list figure (Table 3) of each pressurization value (MPa), pH f and graphite 
content (%). 

[Drawing 1 1]It is an outline sectional view of the diamond particle manufactured by the explosive 
impact method. 

[Drawing 1 2] It is an outline lineblock diagram of the refiner 100 currently used for the 
conventional mixed acid approach. 

[ Drawing 1 3] It is process drawing of the conventional mixed acid approach which refines the 
diamond particle released as the patent No. 2691884 gazette. 
[Description of Notations] 
[0091] 

2 Diamond particle 

4 Diamond particle core 

5 High grade diamond particle 

6 Carbon impurity layer 
8 Pressure type refiner 

10 Pressure type container 
12 Water 

14 The heater for application of pressure 

16 Pressure sensor 

18 Pressurization control device 

20 Diaphragm 

22 The heater for heating 

24 Nitric acid compound solution 

26 Heat-resistant container 

28 Thermo couple 

30 Heating control device 

1 00 Refiner 

102 Basis stand 

104 The container made from heat-resistant glass 

105 Mixed acid 

106 Cooling unit 

107 Gas burner 

108 Cooling water 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0090] 

[ Drawin g 1]It is an outline sectional view explaining a structural change of the diamond particle in 

the manufacturing method of the diamond particle concerning this invention. 

[Drawing 2]It is an outline lineblock diagram of the pressure type refiner 8 used for the 

manufacturing method of the high grade diamond particle 5 concerning this invention. 

[Drawin g 3] It is process drawing explaining the 1st method of the diamond particle manufacturing 

method concerning this invention. 

[ Drawin g 4] It is process drawing explaining the 2nd method of the diamond particle 
manufacturing method concerning this invention. 

[ Drawing 5]It is a Raman-spectrum figure of the high grade diamond particle produced with the 
cooking temperature at 280 ** using the ammonium nitrate solution of concentration 5 mass % 
by carrying out elevated-temperature nitrate ion processing for 1 hour. 
[Drawing 6]It is a Raman-spectrum figure of an unsettled diamond particle. 

[ Drawin g 7]It is a Raman-spectrum figure of the diamond particle by which elevated-temperature 

acid treatment was carried out only with concentrated sulfuric acid. 

[Drawing 8] It is a list figure (Table 1) of Example 1, Example 2, and Example 3. 

[ Drawin g 9jlt is a list figure (Table 2) of the graphite content in the ammonium nitrate solution 

(NH 4 N0 3 +H 2 0) of the cooking temperature at 300 **, and the concentration 1-5 (mass %). 

[ Drawing 10 ]The ammonium nitrate solution of concentration 5 mass % is heated at 300 ** and 
330 **, and it is a list figure (Table 3) of each pressurization value (MPa), pH, and graphite 
content (%). 

[ Drawin g 1 1 ]It is an outline sectional view of the diamond particle manufactured by the explosive 
impact method. 

[ Drawin g 1 2 ]It is an outline lineblock diagram of the refiner 100 currently used for the 
conventional mixed acid approach. 

[ Drawin g 13 ]It is process drawing of the conventional mixed acid approach which refines the 
diamond particle released as the patent No. 2691884 gazette. 
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DRAWINGS 

[ Drawin g 1] 





[ Drawin g 3] 
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# #§ 0£ © III 1 0 © «5 «B fc <fc tUf * $f >T -V * > F tft ? © ifi S # 1 ~ 1 0 0 n mtfe^ili 
L < & 1 ~ 1 0 nmtfttilf, ^ t y Fg?II©5 ti^cft f t , * V 

Kfi?lioii$%-i«T^^5c ti) s T*f 5 D $ tz. , ^ ^ e > f s ? * M <t -r 

#5„ ft o T , *f|B^tc^^i^ig^^^^>'©StCJ:0^"-i'-\' ; &>Fm?^^«bTl^ 

j^^^Mft*i^*-rn^, cfc >d mmom^ Fm^zmm-ez , c © is g © 9 40 

^^*>F«[?*ffl^T¥##^iBiKas«*4f©*«*e»«»ssh:?ijffl-rntf, « ? as b d d 

^1 \C ft M -t Z £ ttfaimtrjL2> 0 

iftwzn % rctb<om &<db mi 

[ 0 0 4 5 ] 

W T K , *f6B^tc^^^^^^>FS&?©K^7?feSD*^Mje^'i'-V ; e>'F5K?(D^SI 
[ 0 0 4 6 ] 

0 1 B*»i>ii:«5Nirt> FSf oiii^atfetts^'f t^y F ? © « Jfi SE <k 

sm an -a- t -ma tkc txc rrw 4r -7 at s t-. ^ / \* Hbh -7 o ?-r s _w t-. ^ , \+ tit± -7 -hh a \^ i=!=i z£z ~zr <ert. Mm cr\ 
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[ 0 0 4 7 ] 

[ 0 0 4 8 ] 
[ 0 0 4 9 ] 

s „ r ^ b <D\s-*f-\L- i±m.$i%}miz ? ^ \^-y k © » a a ^ «fc o t> * t> » < 
77-/ h©u--tf-e-A»aa&*tf#v-v ; e>' K©iKSL8&3|s©rafST&5fr#«g-efc 

£ 0 0!l it , U — If — e — AOSJI^S 1 4 .5 n m T* (i ^" 7 7 7 -f h (D b-f - tf - A 
»a»f li^l'^ty KOIS 1 0 0 m T* %> K> > 4 5 7 .9 n m "?? 6 OttTfeS. 
[ 0 0 5 0 ] 

iS^nft7?yx^^ h;l/fr^^ + tyF)S»t^777^ HS^^ittiL, ^ n 

5 © ffi si 5ft * * s o 7*777^ hotsLafA^^ + €>K©6 o^ttnif, y 5 
77^ h (Drnm&m* 6 o-p*jn*f^-f j v ,; e>K©B5«gsfifcii[»ittS!'T»**o f^yy 
4 v © m m ?ft a *s t> r , * * y k © m m 5ft & t m f tt m & $ -v t > k jk ? s 

[ 0 0 5 1 ] 

# 5§ BJ! # 3| © ffi 2? {C <fc n &\ 7V>X^n;KCfe^T, 7*77 7-f hoiiat^f 

© fist a s& * t w t) 31 ^ r , ^'fttvKoiiafiosftWTKSTia-ptntf. * -f 

tt> K«^*¥##*lsIB&3£«:&£©*Sl*e»*f!fti: L T * ij ffl T? t £ £ Ltfftfr^tc,, 

6 n «" «t 9 £ l 1^ 0 ^©<td^^"^-v^yKifi?^s;Mjg^'i'-\' ; &>F^ : ?5 t ^ -r „ 

[ 0 0 5 2 ] 

ia2tt*«WU:«SWMa^'r^t>K«[?50«iJi^rfifeU:«ffl*n*APEEii:»i!!»H 
8©MB&H§J&0T*&3o LOiDESISSlSli, APffi^^filOi: Ap EE fM flu m H 1 8 i: 

*b at <fc % ^ m 2 4 © ad m & & * u w -r s ap ^ #j w & s 3 ofr^issnt^s, 

[ 0 0 5 3 ] 

iP EE 5£ ^ §§ 1 OI4tt«!)S2 0lcJ:OJhTKES'J«nT^5, tt^3 0 « 2 0 «t t) 

tt 7k # Jlf 9 S n , iDfffflt-^ 1 4tC«tD3!)D^-r§ilt{C c toT7j<l 2 £ ?g £ -i± , An EE 

^gfgl 0©rt«5**D£E-rSo AP EE S §§ 1 0 © M EE , EE 77 -ir y-9" - 1 6 tc <fc D «'J 

jh, * © ii 73 « % ap ee m m m m 1 8t7-f-F^yHT»i5jjn5. 

[ 0 0 5 4 ] 

5HBMb'&1»?Sifc2 4 «: 68 fi! (HN0 3 ) %: £ <Dffim<k-&V!)*:mM ^ Z'&mT* , £ © 

a? fit ft » m m 2 4 © *p ic ? -r -v ^ > h sa ? 2 # # ft s n r 1^ s « fiHt ^ m 2 4 t 

ft^1»*»»*SB!fB!tttt©»#T*a&nf;r«}:^ft<, Wlcffi& J PffimUlt7kic& < r§ r 3 
©■p*tf»SLi/\ * m M <S "J T* tt , 7kJM^-©»i«fctTyvilj*»?«, «rkl7jc5)-*|»5&L 

« * S fc «K AD EE L & < TfeWiBjlQa*^ftHc**=PJ^i^**o 
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v ^y f®.? 2 ttft&iE &r ^ zmmit-swamm 2 4 zmm&mm 2 6 txn 
, i±w o m. 2 0 (D ± smc e « s nrzhumm t - * 2 2 ± k« « § . ^gg<b-&^^?S24 

CD <*UC « ft tt *f 2 8 IB B £ fU iBBMt^l&JSiSZ 4©fiSff ^SDUffl»SB3 0 7 

-f- ^ l, wii{b-&»}s»2 4©ftis»iaaE*ma©sfiJc*j»'rao * is urn « ffi si 

§0 3fc K: , ffi & f * V (O if m K. ~D ^ T IM 01 T § o 
[ 0 0 5 6 ] 

* « W « ss fi , W»>r*vtfWiIttJ»XttWfi»l»ttttfc:&^"t\ ^+t>F8f 2 

^myom 6 ttmi;-? % c tz^&Lrco *kwic&^t , mm.^ y^mmit^^mm^ 
r* m m l t *3 <o , z<offiM^ *-y*&ffiwwi\ l cu&-r?>ici&i)aE.&.&%$ 1 0 (DpifflznE. 

[ 0 0 5 7 ] 

?S^^^<tS^S^^S©tum^K^t^§^^^^>K!gt : ?2CD^v>'X^^h;l'^raiJ 
5£ L # , 5 v > 7 ^ ^ h ;1/ ic 5fe E m it tfi m n * o fc „ COISS, » fijft tt k <t 3 iff rS 

d CD 5? v > X ^ * h JV K O ^ T « ft T* 8¥ in Si BB "T * . 
[ 0 0 5 8 ] 

# £ , mmit^w^'ite 2 4 t: ? ^ ^ ^ ^ v 2 *mmmm-? % t , 5 w 7 ^ * 
h ;b fig & ^ ft si n o iio»»<k^ftiS«2 4*iB«ittSS2 6txn, ftp ft is £ 
ttmMit&yst&M 2 4©^«Ej»^W±fcta:SL, ftPEELT^?g$8&-'f';i->'#iJi£:?To;fc 

FlStffca&^WtcRfcSTfrSCfcA^Sftfco ftP ft B# PS « 58 gNb ?3 2 4 cd » g ftp 

m m jg k Ac # l , « » jg • is @ js ftp ft t? i* ftp ft b# no * js m t* # s = ftp ft u# m # « < & 5 « 
e m 36 a& * « ft ftp f § & > 3i lit © & # t? a 1 b$ © is a m m 4 * y m m v + » * 1^ * s» * 
e n s o 

[ 0 0 5 9 ] 

m'i?fkB- ! feirgffi2 4©Jnftfflfi*3 0 o°c&cts^L, 5Hlftft-&«BJiSffi 2 4cD?ljgtCcfcD 
KJR^IW%l©l»*S!is|8* < 4f©«k3tcaib-rs^»!^fe. ^cd*£HI> fii^{b-a-^)?S^2 4cD 
ifi*±S«*TfePS!SSIl*H;BiotS5ftbft^ofc, 
[ 0 0 6 0 ] 

mmit^mmwL2 a comm*-Mic LtiDiis* 3 0 ott 3 3 0 ticss 
2 4 cDftpftSje^±^-rna*^3i3fi%cDi^3S5Eft^^tiftp-rsc t^aKsnfe. 

[ 0 0 6 1 ] 

mffittmxteMMBMViMfc&zffiMit&ty®m2 4 ^(Dffim* 
*yy m.ti-o?'? y x^t b frictt u ^ 5 7 r hjS^^l^sa^sRift^^ifijHKsiSfig 

[ 0 0 6 2 ] 

^tc, EI2lC^$ni.ftPffi^ffll!iSB8CDf / Fi!){COl/^riltt^oTt«B^-r§ 0 WSHI:£ 
HB » iS 2 4t±ftPftfflt-^ 2 2tCctDftPft$n, ^-cD*[CgaH$nfcft«W2 8 O iB fll 

^ ftp ft w m. m 3 0 *c 7 -t - k v >? l t , mm it & 2 4 <Di)umM&*mm<ou 
micu&T%o mmit&wmm 2 4 teikm'm* z> 1 n& (1 x 1 o 5 p a ) t t* » 1 00 

00 -tt> fW6 ? 4,r. rr -d- -7 i> "as t- ilh (Wt ;a rfx -ir. L s -vr. .-^fc -7 r 4, n rr tol 'An ^+ 1 n >- v- n- i 
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[ 0 0 6 3 ] 

mm. \t mm 2 4 coufeitmntt 2 8 ic & v nicmfez c <d rs & {§ ^ it im m %\ n 
stnftftEES^snso-p^ *p & a js * M m l & # e> *p % $<j nn m m 3 0 * 5 m n ft 

[ 0 0 6 4 ] 

12 3 « * #£ BJ! £ ^ > Kffi^aiji^ffiOSS 1 OS i* ^iffit 5IS0T^§„ 10 

( 3 A ) "(? fc£ $i ^ ft "n" ^ f§ ?g 2 4 (Nitric Acid Compound + H 2 O) IC^-T^^E^F*!? 
^SA?n5. £ <Dffimitt>Wi)l%1& 2 4 It 2 5 0 ~ 3 5 0 °C <D IEH F*3 CO jg JS tc t£ 5£ £ tl , 
0. 5~5HFI(cIoTl)DiSn§ 0 COiiDiSMl^iO * W tt^Kfi ^2 5 * =F 

[ 0 0 6 5 ] 

( 3 B ) T- ti » *P5»SiJflilSEH3 0*^-7 tcbT5BKfb^1*tS?S2 4^?^«l (Cooling) 

5^ggg2 6 CO I& g|5 fct IS (Precipitation) t5. 

( 3 C ) T» l± , {SSSft^ft^S2 4 ^i7j<tit^^.T, ttRlT^SfiMfi^'Ctt 
^ Kffi? 5 ^7j<t?gfe?t (Water Washing) f S 0 C O ft ft * % & HI IK 5 31 L T ft Mi & ? -Y 20 

Centrifugal Separation) 1" 5 C i t i o T*«S^^ > 5 5. 

[ 0 0 6 6 ] 

(3D) r* (± , » & $ n ft m m & $ ^ * * > f na ? 5 * n s k. *n m l t ?j< «■ * & #g (fa 

ter Evaporation) S •£ , Jft g ^ -f "V * > H «J[ ? 5 * ft *S (Drying) £ ■£ 3 0 C <D «fc 9 
[ 0 0 6 7 ] 

* y f ft ? © & g c it @ ) *^ /Jn s < * n * s b h x ^ ifc <d 2* ^& y f s& ? 2 #s 
»jfeLffiSU:{«f#bTffl?*{jl8tcftsc k*'?^. w'k , 2" -Y -V * > F li ? © @ W •? J 30 
^-h;l/*YX(;:ft5fcaftiAU<^4t§ 0 ceo B? # «8 © tt ? * 2 3fc W -V * > 
KSf tiLTSD, ys$2&*^**VFtt?©«^tt^>f**>Kffi^2J;9fra!> 
±* < * 5 o 
[ 0 0 6 8 ] 

^ > f us ? *a s # & l t ^ s & -a- ffi a hi ic n n t ^ 5 * m m re # ^ » se^t, ^ 

lc2^:^i'-V ; e>'F^?^, {i^©^^-^*^FIi^tc^<l?-r§/c:46^ft¥5QS%tf9 0 
[ 0 0 6 9 ] 

( 4 A ) T « , «*Otpt2*^'C + €y Kll?*fiAl/»»«'&5« C CD # fj{ 7j< ^ ffi 40 

tasiSfiB^Jip^TZ^^^ttyHttf *!«©^4''T : eyKttf twists, c © 

jffll^Sf K^i (Ultrasonic Dispersion) £ „ 
[ 0 0 7 0 ] 

(4B) ~ (4E) © ® a « 15 as l (3A) ~ (3D) ommtm- (4B 
) itm^it^viammtammm, c 4 o itistflizmmm. (. 4 d-> tt^m • m^^mmm 
, (4E) ttTka-RjB&aTi&s. «-«iau:fettsf^fflSftStt ( 3 a ) ~ (3D) t m - 

T* S & , ^©i¥iSffl^*BS-r?.c, 
[ 0 0 7 1 ] 

EJ5t±igJS5% (11%) ©W»7*>t-^^7j<»ffi*ffl^T, iPiiSfi2 8 OtTM 

C± HH JB « Ifr. / J- n / /ifl Iffl 1 r ^ <r.7T. r!* At* ^ f. ^ / 1+ Ifc 1 * -? T\ =. — » ^ , -r ^.o A» L ,1 . H^TI -fc" en 
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3 0 5ll%hli, ffi&7 ^t-V l±7l<®m£1*<DM.m\ctt-? ZffiMT y*:-? J±<DMM 
(Dltm* tyhftLfcfTS^o c©7vyx^^ h;Ki, 4 5 7. 9 nmOU-f 

>->7 h (Raman Shift) , M fft ^ W ifc gL ft © JS (Intensity) T? $> § o 
[ 0 0 7 2 ] 

£3ilJt (Total Signal) * !%mM M <D MMIC ft M? Z> £ , Ife It © # ^ * ^ F !H Jg (Di 
amond) , fi^^^^^^r-fh^jS (Graphite) , C = C^So*<5@^^©ii:lI^m?S 
JS (Normal Chain) ^5ifi8?n5. ft*, »at5H6Rtf 
0 7 (D- &.mm&#M,nmm%im (Amorphous Carbon) %lt. 
[ 0 0 7 3 ] 

^Vt€> F 3& Ig -l' * V FS?I4 j£E 0 L , C © 2" ^ > FcD««W14H^ 
ffiltli«»(i^777^ ht'feSo 4 5 7. 9 nm<Dl/-f-)l£*ffl^5t, ^* ^ 7 r 

^6 O T? ffl 5 C t IC i o T ^■Y 1 1 V F5iS i ittt f 5o * ^ ^ h;VCD^Jg^:iE6S^« 

■r » k , x ^ ^ h >v commit tin vrmz n znm&imtf&m n z>o 

[ 0 0 7 4 ] 
[ 0 0 7 5 ] 

IS«l-i'4-y|iM07vyx^i' (06) iiiaS^^-i'^-^SaatlO^v^x 
^ ^ h ;l/ (05) £ J± «.-T § > *58Wk:«kS«Ji7Sffi (fciBSSK^a-^aaS) tc «fc 0 « 

[ 0 0 7 6 ] 

r ^ s it t& -r § fc 46 t «fj ^ s n „ ipigia2 sot, « ?g k & m m m it 1 st -p & 

[ 0 0 7 7 ] 

m^mmm (07) t * $a s (06) * » it -r 5 t , 7vyx^^h;Kof«:iA^if 

[ 0 0 7 8 ] 

0 5 ~ 0 7 e. & -& m k. VI ffi L r % fliBj{b^«BiSffl*©«lifti'*v*^f-v ; e^F«[ ; ? 

\f m *» m k o ^ r » m & & m ic « £ < m ^ s n t * e. ir > *«w#*«<»«>T«jiLfct> 
© T- £ § o a* & it & % m m 4> (D m m * * > *< ^ ■* =e > f *u ? © * ^ s$ «j t h o j; 5 K 

[ m m m 1 3 

[ 0 0 7 9 ] 

fclC<DSH»7kiSfflil 5 0m 1 ^rijP^T, 2 8 0 — 3 3 0 tOSSSBiT'f ftf n 1 B$^*P 
JE AQ % ^ m * ft r> fc o Jt 5 « M % © IK 7k « ?S 58 iS ( 6 0 % # # ) 7 . 5 m 1 « 
7K14 2. 5ml^ri!jO^Tll5^L.fc„ 

[ ^ Sfc 00 2 ] 

[ 0 0 8 0 ] 

rJ: JCfc A (Wi, ^ irt b ) -r M i# c fiS a n/ rJJ Sfc > / r, - ^ ; ,1/ ^ 1* ro » s -r at J-* -r. ^ / t* 
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t& 5fc 1 . 0 g IC £<DffiMT y ^ — V l±7k?§l& 1 5 0 m I %1)Q Z.T , 2 8 0 - 3 3 0 'CO?g 
jSUBB-e ftifni B# P^ ftp EE ftp i$ ffi JS *t o ft 0 it jg 5 % © Of & 7" > * - * a 7j< ffi % 14 ffi 
|7>t-H7. 5 g ^ SJfi 7i< 1 4 2 . 5 g*i0ATW»Lfe, 

C H S£ ffU 3 ] 

[ 0 0 8 1 ] 

ttmrnttx. mm trnmcomm* m^xmi&Mi&mitft -o re,, ? \ *=y vm^o . 
6 gicm&icttLTmm*5%<Dm-&T*'i®Mistcmm*i)uz.s ftp m 2 8 0 °c r xs 3 1 
oTc-pfnfm b$ m ftp m m m * n o fc 0 ftp m u & 3 3 o°cv, 3 b# n © ta m ffi a * n ■? 

[ 0 0 8 2 ] 

0 8 « £ 86 0IJ 1 , *Sfifl»j2&tf^S6flf«3©-KBI ( S 1 ) t*$5o & 1 & ftP 8i S JS 2 

8 otKfe^ttt, *«ii««io^77 7^h^s$i!Ctofcfei< 1 ftp m & # ± m- -r % 

H «• * SS fiW © y -7 7 7"f h ^ * 2(s # Jg 3fi b T ^ 5 o &L ± © m M ?> > flUftr^t-^Azk 
fc # W o fc o 

[ m m m a ] 

[ 0 0 8 3 ] 

fflMik-SMfem £ LTffl&T > =E=-V A 7k ffi & ffl T , ftD g& & £ 3 0 0 °C ^ H £ L 
T > 5HB^>*:=.r>A7j<ffifc©»g*l~5(K«%)i:SHfcSH±s ?-fttyK8?oy 
777-f HS$ (%) ^Iffl^fco ^Y^t>F6?0 8*l. 0 gtSLtlg 1~5 
%(DffiMT Zs^-V J±7kfem 1 5 0 g £ ftp , ftp BE ft B fc «fc t) ftP f& S A 3 0 O'Cf 1 B# Rfl 

ftp^tTs KStfia8-i'*>«ia*ftofeo 

[ 0 0 8 4 ] 

HI 9 « ftp $i ^ JS 3 0 0 °C , zgJgl~5(K»%)©6B^7'V ; e^'i7A7j<f§^ ( N H 4 NO 
3 + H 2 O) C^3^5^777-f (S12) 7? & S „ S2*^, 5> 7 r 

-C h^-w^t±^^7'>' ; &-^A7j<?g^oztJg^±^^^Tt^ng^fbL^^c: ttfftfr 

[ £ fig 0U 5 ] 
[ 0 0 8 5 ] 

^tf, mm.r y ^ h,7\<mw.<Dmm.^:-^.\c\^x , iDiigc^fttMLt, ftp be 

ffi (Pressure) , pH (Acid) , (Graphite) # if © <fc 5 fC ^ ft 1" S 

© H ^ fc 0 > K & ^ © sift * i . o g twit sliyoiOiiKTy^^^ 

1 5 0 g £ ftp x. , ftp EE ^ ffi fc £ D ftp JS 3 3 0 °C B# P^ ftp L T , * ffl fll H ^ * V 

ffi a * fr o re = 

[ 0 0 8 6 ] 

0 i o » % mm 5 Kffl% © us bj p* y * - •> a ?j< m ^ 3 0 0 °c t 3 3 0 viammLx , 

^ n ^'tl © ftp BE ffi (MP a) , p H , ^777^htt$ (%) © — SS Bl (S3) T? & 3 

[ m m m e ] 

[ 0 0 8 7 ] 

ft m m m m t u x v y m m m. * m ^ r m m m m << * y m m * tf 0 tc „ u >m ( 8 5 % # w 

) 7j< *§?&©#&;£ #3 3 Ott&SST'lf Lt, U V » 7jc ffi }R * flft zk L fc U 

SB L . c©U>'SH»ffik:jt*L» U v»t Wj»Offl^ft< 1 0 : ltc«:§<fc-5 5i^ (6 0% 

^■*r)7kffiMz5sftpL, 2 8 0 tt45S?in)»Lfe. c: © IS * ^ ^-f + t^FSf 

777-TF$tittl. 6 6%STK^LT^SCfc*<JpJWL^o d © ^ S6 0!) T? « , 'J y 

initsc i;7b ,? T?# ; i)o v y m © aft ?k * m t £ k ff a tf > 3 5 otgssfi^^ii 
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mMW 1 ~ 6 5 * 2 5 0 — 3 5 0 X: © SB j(jP £ n fc ^ ^ <b ^ ^ ^ $ «: ^ -¥ * > 
O^W$%3%WTKfiIt§C # H BE £ ft „ tf£ o T , #fgl!llK:«J:&S{3t£nfcSll>fi 

[ 0 0 8 9 ] 

b ^ © ifi ^ *$ ^ CD ^ W » @ & T '> & ^ <D , * ? q a o H8 Gfc © * & £ f\ *f » I ¥ # » 10 
[ 0 0 9 0 ] 

[ia i] *&wic&% # ^ ^ Fm^owmyj&fc&v & ^ * > vu?<DMM^<t 

8©ffilia&flttfc0T?2&5o 

[0 3] *%l(ci5^^tt> Ktt^Slit^ffi®^ l <DSa*i!Jit5li0T?i&5 o 
[ 0 4] ♦sifflessif'i'tty Kfft^HJS^aotgzo^&fcSHW-rsxiiH-ei&s. 
[®5] iifi5«i%©i'S7v ; E-'>A7jkigi^i^t, *pia^jSf2 8 o'ct* i mm iff 20 
r§^^-f'*>^SLTt#e.nfcft$<eje^*-Y J r ; e> Ktf ©7vy^^^ h ;b bit? & s . 

[06] JJUC^^ttVFif 07VVX^* F;Ht*fe5, 

[0 7] M^^fc^T^^^SfLS^tlfc^Y-V^eyFS^tD^-T^X^^ h ;V 0 £ 5 „ 

[08] * SS ffil 1 s Hfifi^iJ 2 JkTJ^Mffl 3 O-fl (Si) 7*5. 

[09] *D^Jggf3 0 0iC, ^ & 1 ~ 5 (« « % ) © 5i K T > t ~ iwj< ?3 ft$ ( N H 4 NO 

3 + H 2 0) jc43WS^77r^h-&^s|s© — KB («2) T* & Z> „ 

[0 i o] mm 5 nm%<DffimT y^-t L.7k®m* 3 o ott 3 3 0 vicimmLr , * 
n^n^idpffiffl (mp a) s ph, tr^y r * b-sm* (%) 0-11 c a 3 ) t^5. 
[01 1] mftwrnmicz 0 mmz nrc?* Fi&TcDmmwiffimv&Ze 

[01 2] H£*oa»jaiSCiffl?nTl>S«I8ii l 0 OOl«Si«0T 5 $5o 30 
[0 1 3] 11^ 2 6 9 1 8 8 4 *i & $B i: L T k v & * n ft ? 4 -V * V K f£ ^ * » 3 fi£ 

[ ft * © IS 0£ ] 

[ 0 0 9 1 ] 



2 ^ttVKtt? 

6 m m * ffi 4^ « 

8 • jinffi^Siy^H 

1 0 APBEiS^tg 40 

1 2 7j< 

14 EE ffl £ — * 

16 fl£?J -fe y<t — 

18 AD EE ft! W » S 

2 0 tt « 9 

22 *P ffi t - £ 

24 ffimit^m^w. 

2 6 ifgJt£^§3 

2 8 S&tttt 

o r> 4, n *li amm a-h ea en 
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i o o mmmm 

1 0 2 urns 

104 

i o 5 mm 

1 0 6 ?fc£fJg|5 

10 7 #7>J* — i- — 

10 8 <t£P7j< 

1 1 0 
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(3 A) 



(3 B) 



(3 C) 



(3 D) 
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